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ABSTACT

The synthesis and living cationic polymerization of (2S, 3S)-(+)-2-chloro-3-

methylpentyl 4'-(l1-vinyloxyundecanyloxv)biphenyl-4-carboxylate (15-11) and (2S, 3S,)-(.--
2-chloro-3-methylpentyl 4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate (l5-8) are described.
Poly( 1- 11 )s and poly(15j)s with degrees of polymerization (DP) up to 25 and
polydispersities lower than 1.15 were synthesized and characterized by differential scanning

calorimetry (DSC) and thermal optical polarized microscopy. Over the entire range of
molecular weights poly(15-11 )s and poly(i5-a)s exhibit enantiotropic smectic A (SA) and chiral

smectic C (sc*) mesophases. In addition, all poly(5-1lDs exhibit a crystalline phac
Polv(15-8)s are noncrystallizable. However, poly(15-8(s with degrees of polymerizalion

higher than 12 exhibit an unidentified sx mesophase. Poly( 15-11 -co- 15-I)X/Y ( % here XiY

represents the molar ratio of monomer 15-11 to monomer 15-8) with DP of about 15 and

polydispersities lower than 1.11 were also synthesized and characterized. Both the SA and sc*

mesophases of these copolymers exhibit continuous dependences of corrosition.

Keywords: living cationic polymerization and copolymerization: chiral smectic C
mesophase; vinyl ether.

INTRODUCTION

Since the first examples of mesogenic vinyl ethers and liquid crystalline polvvin%,l

ether)s were reported from our laboratory 1, several other research groups became activel%
involved in the synthesis of mesomorphic poly(vinyl ether)s mainly because thev can be

polymerized by a living cationic mechanism and thus lead to polymers with .kell controlled
molecular weight and narrow polydispersity --4.

In the previous publications from our research group we have reported the svnthcw,
and living cationic polymerization of w-1 (4-cyano-4'-biphenyl)oxyjalkyl \ in,I ethers v ith

alkyl groups from ethyl to undecanyl 5 and of other mesogenic vinyl ethers containnllg

functional groups such as double bond, triple bond and crown ether 6 . The intluence ot
molecular weight on the mesomorphic behavior of these poly(vinyl ether)s 'as dscused'. The

first series of side chain liquid crystalline copolymers of various composition ,%ith constant

molecular weight and narrow polydispersity were also prepared from these vinyl ethers via a
living cationic copolymerization 6c,6 .7. All these experiments have shown that living cationic

polymerization can provide a quantitative approach to the molecular engineering of ,idc chin



liquid crystalline copolymers exhibiting uniaxial nernatic, various smectic and reer.,rant nlematllic

mesophases 6 ,7ad, 7C

Since Mever-8predicted that compounds exhibiting a chiral smectic C (Sc") Tie "oph111.C
should be ferroelectric, several different laboratories have been interested inl The stLud\ Of NIJC

chain liquid crystalline polymners exhibiting a sc* miesophase 920(. Presentl\ . there IN ' er% lutle

understanding of molecular design of side chain liquid crystall ine polymers dispa1avin1 aI~

iesophase, and of the influence of various architectural parameters of these polvmTier, on their

dynamics 9 -2 1.

We are interested in the molecular engineering of side chain liquid crN stalline po% lvmc-,

exhibiting a sC-* mesophase2 2 . In previous publications 22 aj, from, this Series % c \c
described the syntihesis and living cation ic polymerizationls of Si-b--et\lu\ 1 4-(

v-i n vlox y a1kv lox b iph en v 1-4-c arboxvlaite with Undecanvl12 2a, octvl.212 1, an1d hexv-- l

groups. The mesornorphic behavior of these polymers was discussed as a function ()I

molecular weight and spacer length. Copolymers of various composition with constant

molecular weight and narrow molecular weight distribution were also synthesized by lvn

cationic polymerization2 2 b. These copolymerization experiments allowed the sy-nthesis of

copolymers exhibiting sC* mesophase from below 10 OC up to 50-80 0C.

In this paper. we will describe the synthesis, living cationic polymerization and

copolymerization of (2S. '3S -(+)-2-chloro-3-niethylpentyl 4'-(co)-vinNvox\alk\ lox\ )ile\I

4-carboxylate with undecanvl and octyl alkyl groups. The miesomorphic behavior of the,.e

polymers will be discussed as a function of molecularwxeight and copolymer coniposition.

EXPERIMENTAL

Materials

4- l-lvdroxybiphenyl (97%), dimethylsulfate (99("+), HBr (48c% 11 -bromndean10,11- 1

ol (98%), 8-bromooctanoic acid (97%c), borane-tetrahydrofuran, n-butVl vinyl etK-r (9,S('('

tetrai-n-butylammoniuLm hydrogen slfate (TBAII), L--isoleucine 1('-S, ',S)-(± -amnO- -

methylpentanoic acid, I xj21=±4 1 0C ( c=4, 0 N I CIj ii99%1' ) and dime th\ I1 Su IP de ann 1\ JIOUL

99%+, packaged under nitrogen in sure/seal bottle,, (all from Aldrich), 1. lO-phenanithroliuic

(anhydrous, 99%), palladium (11) diacetate (both from Lancaster Synthesis) and acet\ I Chloride

(99%/-) (from Fluka) were used as received. %iethylene chloride (frr.. Fisher l~a SPurified h%

washing with concentrated Sulfuric acid several times until the .!,:Id layer remains colorless .

then with water, dried over anh drous N11gSOj, refluxed o -,r calcium hydride and freshl\



distilled under argon before each use. Trifluoromethanesulfonic acid (triflic acid, 987, from

Aldrich) was distilled under vacuum.

Techniques

IH-NMR (200 MHz) ,,pectra were recorded on a Varian XL-2(X) spectrometer. lntfirWd

(IR) spectra were recoided on a Perkin-Elmer 1320 infrared spectrophotometer. Relative

molecular weights of polymers were measured by gel permeation chromatography (GPC) \with

a Perkin-Elmer Series 10 LC instrument equipped with LC-100 column oven and a Nelson

Analytical 900 series integrator data station. A set of two Perkin-Elmer PL gel columns of

5x10 2 and 104 A with CHC13 as solvent (Iml/min) were used. The measurements were made

at 40 )C using the UV detector. Polystyrene standards were used for the calibration plot.

High pressure liquid chromatography (HPLC) experiments were performed ,kith the same

instrument. A Perkin-Elmer DSC-4 differential scanning calorimeter equipped with a TADS

data station was used to determine the thermal transition temperatures w.hich ,ere reported as

the maxima and minima of their endothermic and exothermic peaks. In all cases, heating and

cooling rates were 20 OC/min. Glass transition temperatures (Tg) were read at the middle of the

change in the heat capacity. A Carl-Zeiss optical polarized microscope (magnification 100x)

equipped with a Mettler FP 82 hot stage and a Mettler FP 80 central processor was used to

observe the thermal transitions and to verify the anisotropic textures.

Synthesis of (2S, 3S)- +)-2-Chloro-3-Methylpentyl 4'-( 11 -Vinyloxyndecanvloxv ibiphenvl-

4-carboxylat¢ (15-11) and (2S, 3S)-(+)-2-Chloro-3-Methylpentyl 4'-(8-Vinyloxvoctyloxy

biphenyl-4-carboxylate (15-8)

Both monomers 15-11 and j5-8 were synthesized according to Scheme 1. The

synthesis of compounds f, 7, a, 2, IQ, 1j and 14 was described previously2 2ab.

(2S. 3S)-(+)-2-Chloro-3-Methylpentanoic Acid (2)23

L-lsoleucine [(2S, 3S)-(+)-2-amino-3-methylpentanoic acidl (26.23 ,, 0.2 mool) w't,,

dissolved in a mixture of 125 ml concentrate HCI, 90 ml H20 and 120 ml 1,4-dioxane. After

the solution was cooled to 0-5 )C, a solution of NaNO 2 (22 g, 0.3 mol.) in 40 ml H-O as

added slowly during about 2 hours. After being stirred for 4 additional hours at a temperature

below 5 OC, the reaction mixture was extracted with 400 ml diethyl ether in 4 portions. The

combined ether extract was washed with 5% aqueous NaHCO3 and H20, and dried over

anhydrous MgSO4. The solvent was removed by a rotary evaporator, and the remained



product was distilled at reduced pressure to give 19.1 g(64%7c ) of colorless iquid th.p. 92.0-
96.0) OC/5.0 mmHcy). IH-NMR (CDCI 3, TMS, 6, ppm): 0.94 (t, 3H, CH-,CH-,-. 1.09 (d,

3H, Cfl3CH(CH-)CH 3 )-), 1.33 and 1.64 (2m, 2H, CH3CH-. 2.12 i.Il

CH3CH-)CH(CHi)-), 4.24 (d. 11H, -CH(CI)-), 9.98 (s, I H. -COOH).

(2S, 3S)-(±)-2-Chloro-3-%1ethyl- 1 -Pentanol (3)

To a Solution of LiAIH 4 (4.1 g, 0.103 mol) in 2-50 ml dieth-vl ether cooled in an ice bath

was added compound 2 (15.5 g, 0.103 mol) during about 2 hours. The reaction mixture %%as*
then heated to reflux overnight. After the excess LiAIH4 was destroyed by dilute HCI. the

product was extracted with diethyl ether several times. The combined ether solution

washed w~ith 1120 and dried over anhydrous MgSO04. Diethvl ether was then removed by a

rotary evaporator and the resulted liquid was distilled under Vacuum11 to yileld 9.9 L' Of a
colorless liquid (70%), b.p. 57.0-59.0 O~C/4.() mmi-g). 'l--\MR (CDCI;., T\IS. 6. ppnu:~

0.90 (t, 3H-, Cli 3 CH-2-), 1.03 (d, 3H-, CH3CH(CH-2CH-1) 1.35 and 1.631 (2mn. 211.

CHiCH1-), 1.83 (m,. 11 CH 3CHCH(CH-3)-), 1.97 (s, 11-1. -CHO0H), 3.59-3.84 in. 21]. -

CH2,OH), 3.98 (d, 111. -CHt Cl)-).

(2S, 3S)-( +)-2-Chloro-3-Methvlpentvl Toluene-p-sulphonate (4)
Compound 3 (5 g.0.0366 inol) was added slowly to a Solution Of p-tolueneSUlfonl

chloride (13.95 v, 0.0732 mob) in 30 mnl dry pyridine ait 0 I) within one hour. After it va

srred at room temperature overnight the reaction mituewsprdino5nlH0adth

product was extracted with diethyl ether 4 times. The combined ether Solution w as washed

with dilute HCI and 1120, and then was dried over anhydrous MgSO 4. Diethyl ether a

removed by a rotary evaporator to give a light vclIiow liquid, which was purified b% coIlumn1

chromatography (silica gel, CH-IC12 as eluent) to yield 8.2 g (779c) as a colorless liquid.
Purity: >99% (HPLC). 1H-NMR (CDCI3, TMS, 6, ppm): 0.87 (t. 311. CH13CVi2--), 0.98 (d.

3H, CH3CH(CH2 )CH3 )-), 1.21 and 1.42 (2mn, 211. CH 3CH -2-), 1.84 tin. 1ll.

CH 3CH 2)CH(CH3)-), 2.47 (s. 311, -Ph-CH;1). 3.99 (d, lI. -CH-(CI)-). 4.18 (in. 21-H -0-1-0-

j, 7.35 (d, 2ArH, m to -SO,,-), 7.79 (d, 2ArH, o to -SO,-).

(2S. 3S)-W+-2-Chloro-3-Methylpentvl 4'-Hvdroxv'biphienvl--4-cairboxvlatte (11)

To a solution containing patassium 4'-hvdroxvbiphenvl-4-carbox\ late (1I) (b.3

0.0253 mol) and 1.25 g TBAH in 100 ml dry DMSO was aidded compound 4 (7.00) ,, 0.024

mol). The reaction mixture was stir-red ait 60 OC for about 20 hours, and then vas Poured into



300 ml H20. The product was extracted with chloroform. The combined chloroform extract

was dried over anhydrous MgSO4 and the chloroform was then removed by a rotary

evaporator. The crude product was purified by precipitating from the methanol solution into

water three times to remove the DMSO. The resulting solid was dried and stirred in hexane

twice to remove traces amount of compound 4. The final product was then dried to yield 4.7 g

(59%) of a white solid. Purity: >99% (HPLC). [H-NMR (CD 3COCD 3, TMS, 6, ppm): 0.97

(t, 3H, CH 3CH2-), 1.09 (d, 3H, CH 3C -(CH2CH3)-), 1.36 and 1.69 (2m, 2H, CHCH2-),

1.98 (m, lH, CH 3CH2Cft(CH 3 )-), 4.33 (d, 1H, -CH(Cl)-), 4.56 (in, 2H, -COOCH.2-).

6.96(d, 2 ArH, o to -OH), 7.60 (d, 2 ArH, m to OH), 7.72 (d, 2 ArH, m to -COO-). 8.05 (d.

2 ArH, o to -COO-)

(2S, 3S -(+)-2-Chloro-3-Methylpentyl 4'-(8-Vinvloxyoctvloxv)biphenvl-4-carboxyate(15-)

Compound 11 (7.2 g, 0.0216 mol) was added to a solution of potassium carbonate

(9.3 g, 0.06 mol) in 100 ml acetone. After the mixture was stirred for 2 hours at 60 OC, 8-

bromooctyl- 1-vinyl ether (4.83 g, 0.0206 mol) and DMSO (2 ml) were added and the reaction

mixture was heated to reflIx temperature overnight. Then, the reaction mixture was poured

into 250 ml H2 0. The crude product was extracted several times with chloroform, and the

combined chloroform extract was dried over anhydrous MgSO4. After the chloroform ,.as

removed by a rotary evaporator, the remained product was stirred in 40 ml methanol with heat

and cooled in an ice bath to yield a white solid, which was further purified by column

chromatography (silica gel, CH 2ClJC6 H] 4=5/3 as eluent) to produce 4.0 g (40%) of monomer

15-8 as a white solid. Purity: >99.8% (HPLC). The thermal transition temperatures 0C) are:

k 39.0 SA 51.3 i on heating, and i 44.5 SA 25.3 sc* -18.7 k on cooling (DSC). 1H-NNmR

(CDC13 , TMS, 6, ppm): 0.94 (t, 3H, CH 3CH2 -), 1.06 (d, 3H, CH 3 CH(CH2CH3 )-), 1.39 1m.

8H, =CHOCH2CH 2(CH 2 )4 -), 1.64 (m, 4H, -CHCH2 -OPh and CH 3CH2-), 1.80 (i, 3H,

=CH-OCH 2CH2- and CH 3CH 2 CH(CH 3 )-), 3.68 (t, 2H, =CH-OCH..-), 4.01 (m, 3H, -CH-

OPh and =CH.2 trans), 4.18 (m, IH, =CH 2 cis), 4.37 (d, IH, -CH(Cl)-), 4.58 (m. 2H. -

COOCH2-), 6.43-6.53 (m, IH, =CH-O-), 6.98(d, 2 ArH, o to -OH), 7.56 (d, 2 ArH. m to

OH), 7.65 (d, 2 ArH, m to -COO-), 8.11 (d, 2 ArH, o to -COO-).

(2S. 3S)-(+)-2-Chloro-3-Methylpentyl 4'-(1 l-Vinyloxyundecanyloxv)biphenyl-4-carboxvlaec

(15-11)
Monomer 15-11 was synthesized by the same procedure as the one used for the

preparation of monomer 15-8. Starting from compound 1_L (4.56 g, 0.0137 mol). II-
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bromoundecanyl-1-vinyl ether (4.56 g 0.0137 mol), potassium carbonate (7.0 g), 100 ml

acetone and 2 ml dry DMSO we obtained 3.4 g (49%) of 15-11 as a white solid. Purity:

>99.8% (HPLC). The thermal transition temperatures (°C) are: k 41.9 i on heating, and i 38.3

SA 21.0 sc* 0.26 k on cooling (DSC). IH-NMR (CDC13, TMS, 8, ppm): 0.96 (t, 3H,

CH 3CH2 -), 1.09 (d, 3H, CH3CH(CH 2CH 3)-), 1.30 (m, 8H, =CHOCH2CH2(CH-)4-), 1.57

(m, 2H, CH 3CH2-), 1.69 (m. 2H, -CH.2CH 2-OPh), 1.79 (m, 3H, =CH-OCH-2CH2- and

CH 3 CH 2CH(CH 3)-), 3.67 (t, 2H, =CH-OCI±-), 4.00 (m, 3H, -CH2-OPh and =CH trans),

4.20 (m, IH, =CH? cis), 4.40 (d, 1H, -CH(Cl)-), 4.60 (m, 2H, -COOCH2-), 6.42-6.53 (m,

IH, =CH-O-), 6.99 (d, 2 ArH, o to -OH), 7.56 (d, 2 ArH, m to OH), 7.64 (d, 2 ArH, m to -

COO-), 8.11 (d, 2 ArH, o to -COO-)

Cationic Polymerizations

Polymerizations were carried out in a three-necks round bottom flask equipped with

Teflon stopcock and rubber septum under argon atmosphere at 0 °C for 1 hour. All glassware

was dried overnight at 140 °C. The monomer was further dried under vacuum overnight in the

polymerization flask. After the flask was filled with argon, freshly distilled dry methylene

chloride was added through a syringe and the solution was cooled to 0 OC. Dimethyl sulfide

and triflic acid were then added carefully via a syringe. The monomer concentration was about

0.244 M and the dimethyl sulfide concentration was 10 times larger than that of the triflic acid

initiator. The polymer molecular weight was controlled by the monomer/initiator ([MJl[I!0 )

ratio. After quenching the polymerization with ammoniacal methanol, the reaction mixture was

precipitated into methanol. The filtered polymers were purified by precipitating from

methylene chloride solution into methanol. The resulted polymers were dried in a vacuum

oven.

RESULT AND DISCUSSION

Liquid crystalline polymers exhibiting chiral mesophases are of both theoretical and

technological interest 21 2 4,25 . Although some empirical rules are available for the synthesis of

low-molar-mass liquid crystals displaying a chiral smectic C (sC*) mesophase26 , they are not

yet available for the design of side chain liquid crystalline polymers9-2 1,24,25 . Therefore, we

have been concentrating on developing such empirical rules useful for the molecular

engineering of side chain liquid crystalline polymers exhibiting a sC* mesophase.

The synthesis of monomers 15-I and 15.& is outlined in Scheme 1. The synthetic

method used for the synthesis of compound 2 from compound 1 is well established 10 ,23 and
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t ',es place with the retention of configuration of L-isoleucine. L-alanine2 3 a, D-alanine 2-3 a, l_-

leucine 10 and L-Isoleucine 23b,c were converted to L-chloropropionic acid, D-chloropropionic

acid, S-(+)-2-chloro-4-methylpentanoic acid and (2S, 3S)-(+)-2-chloro-3-methylpentanoic

acid, respectively, without detectable racemization. Therefore, the resulted compound 2 and

the subsequent monomers 15-11 and 1.5-8 should maintain the same configzuration as L-

isoleucine. The cationic polymerization of 15-1_ and 15-8 was initiated \ith

CF 3SO3H/S(CH3) 2 system 27 at 0 0C in CH 2CI2 . The polymerization mechanism is presented

in Scheme II. The polymerization results are summarized in Tables I and I1. As ,,,e can .,cc

from both Tables I and II, polymer yields are lower than expected. This is due to the polymer

loss during the purification process. Absolute number average molecular weights are difficult

to be determined by 1H-NMR spectroscopy because of the signals overlap. Relative molecular

weights determined by GPC using polystyrene as a calibration standard demonstrate that the

ratio of [M]/[Iko provides a very good control of the polymer molecular weight. In addition,

all polydispersities are lower than 1.15. The relative relationships of number average
molecular weights and polydispersities determined by GPC versus [M1o/[11 0 for both poly( 5

._U)s and poly(15-8)s are plotted in Figure 1. Within experimental errors all these dependences

are close to linear.

Mesomorphic behaviors of both poly(15-1l)s and poly(15-8)s were determined by DSC

and thermal optical polarized microscopy. Figure 2 presents the DSC traces of poly(15- ll)s

with various degrees of polymerization. The DSC curves of the second scans (Fig. 2(b)) are

different from those of the first heating scans (Fig. 2(a)), but similar to those of the subsequent

heating scans. The DSC curves of the first cooling scans are similar to those of the subsequent

cooling scans. Phase transition temperatures and corresponding enthalpy changes are

summarized in Table I. The dependence of mesomorphic transition temperatures on the degree

of polymerization of poly(15-1 1)s is plotted in Figure 3. It is clear from Figure 3 that all

poly(15-1 l)s with various degree of polymerization are crystalline and above the melting

temperature exhibit enantiotropic sc* and SA mesophases. These mesophases are confirmed

by thermal optical polarized microscopy. The representative textures of sC* and S.-A

mesophases are presented in Figure 4. Since crystallization is a kinetically controlled process

and the formation of a mesophase is a thermodynamically -ontrolled process, the crystalline

peaks are different in the first and second heating scans while mesomorphic transition

temperatures remain the same. The plots from Figure 3 indicate the strong influence of

molecular weight on phase transition temperatures.
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The DSC traces of first and second heating and first cooling scans of poly( -15-8.)s itl
various molecular weights are presented in Figure 5. Mesomorphic transition temperatues and

corresponding enthalpy changes are summerized in Table II. The dependence of various

mesomorphic transition temperatures on the molecular weight of poly( 1 5-8)s are plotted in
Figure 6. As we can observe from Figures 5 and 6, poly(l5-8)s show enantiotropic sO* and

SA mesophases over the entire range of molecular weights. The transition temperatures of ,,(
to SA of poly(15-8)s with degrees of polymerization up to 6 are overlapped with the broad
transition peak of the SA to isotropic phase transition. In addition, polv(1j-)s with degrees of

polymerization higher than 12 exhibit an unidentified enantiotropic smectic (sx) mesopha'te.
Due to the thermodynamically controlled nature of these mesomorphic transitions. the I)SC

traces from first and second heating scans are similar.

Let us compare the mesomorphic behavior of poly( 15-11 )s and polv( 5-8i)s. Both

poly(15-Il_)s and polv(15-8)s exhibit enantiotropic sC* and SA mesophases. fhe tran.,,ition
temperatures of polv(j-8)s from sc* to SA are about 25-30 OC higher than those of polv 15-

ll)s, while the transition temperatures of poly(15-8)s from SA to isotropic phase are about 5 to

10 °C lower than those of poly(15-11)s. Therefore, the sc* mesophase of poly( 15-8)s is more
stable and appears over a broader temperature range. In addition, poly(1I5-)s with degrees of

polymerization higher than 12 exhibit an additional sx mesophase. On the other hand. all

poly(l5-il)s undergo side chain crystallization, while poly(]5-8)s does not crystallize at all.
The copolymerization of 15-11 with 15-8 is outlined in Scheme III and the

copolymerization results are summerized in Table III. All copolymerizations lead to almost

quantitative conversions (determined by TLC). The copolymerization yields are lower than

quantitative due to the polymer loss during the purification process. Therefore, the copolymer
composition is identical to the monomer feed 6 ,7,22c. Attempts were made to synthesize

poly(15- 1 -co-15-8)X/Y (where X/Y refers t, the mole ratio of the two structure units) with

the degree of polymerization of about 15. We can observe from Table III that the relative
number average molecular weight of copolymers are very well controlled by the IMJ(i/II) ratio

and the polydispersities of all copolymers are lower than 1. 11. Figure 7 presents the DSC
traces of poly(15-1 1-co-15-8)X/Y obtained during first and second heating and first cooline

scans. The mesomorphic behavior of poly(l5-11 -co-15-8)X/Y as a function of copolymer

composition can be observed from Figure 8. It is clear that all poly(.L -co-j1-)XiY \ Ith

X/Y=1/9-9/I exhibit enantiotropic sc* and SA mesophases. According to the dependences
from Figure 8 th- structural units of poly(Il5Ii)s and poly(15-8)s aie isomorphic in their s.-

and sc* mesophases but not in their sx mesophase of poly(1-8)s and in the crystalline phase



of poly(I5--l 1) . Therefore, copolymerization of i~zii and -15-8 SujpreSk eS the sx me -Dphase

resulted from poly(i, 8)s and the crystalline phase duc to poly( 15- 1)s. Conseqjuently

poly(1 5-11-co-15-)X/Y with X/Y= 1/9-4/6 are noncry stall Izable copolymers exhibitirn 'Ian
enantiotropic sC* mesophase over a broad range of temperature, i.e., from 15 OC to 65-90) C.

The results of these copolymerization experiments have demonstrated howA liv in cationic

polymerization can be used to engineer the transition temperature of a sc* niesophase.
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FIGURES AND SCHEME CAPTIONS

Scheme 1: Synthesis of (2S, 3S)-(+)-2-chloro-3-methylpentyl 4'-(1 I-vinvloxyundecanyloxy)

biphenyl1-4-carboxy late (15-11) and (2S, 3S)-(+)-2-chloro-3-methylpenryl 4'-(8-

vinyloxyoctyloxy)biphenyl-4-carboxylate (5)

Scheme IL: Cationic polymerization of (2S, 3S)-(+)-2-chloro-3-methylpentyl 4-( 11-
vi n ylox yu ndecan ylox y)biphe nyl -4-c arboxylate (15-11) and (2S, 3S)-(+)-2-

chloro-3-methylpentyl 4'-(8 -vin yloxyoc tyloxy)bi phenyl -4 -carbox yl ate (V5- ).

Scheme III: Cationic copolymerization of (2S, 3S)-(+)-2-chloro-3-methylpentyl 4'-(l 1-

vinyloxvundecanyloxy)biphenyl-4-carboxylate (15-1 1) and (2S, 3S)-(+)-2-

chloro-3-methylpentyl 4'-(8 -vi nyloxyoc tyloxy) biphen yl-4 -carbox ylate (i5. ).

Figure 1: T1he dependence of the number average molecular weight (Mn) a and

polydispersity (Mw/Mn) A determined by GPC on the [M10/[H0 ratio.

(a) data from poly(l 5-1 )s; (b) data from poly(15-- )s.

Figure 2: DSC ti-aces of poly(1 5-11I)s with different degrees of polymerization (DP)

determined by GPC. DP is printed on the top of each DSC scan.

(a) first heating scan; (b) second heating scan; (c) first cooling scan.

Figure 3: T1he dependence of phase transition temperatures on the degree of polymerization

determined by GPC of poly(15-1)s. (a) data from the first heating scan:
13 -T(k-sC*) A -T(sC*'-SA) 0 -T(sA-i); b) data from the second heating

scan: o -T(k-sC*) A~ -T(sC*-SA) 03 -T(sA-i); c) data from the first cooling

scan: 0 -T(i-SA) A -T(sA-SC*) * -T(sC*-k).

Figure 4: Representative optical polarized micrographs (100x) of: (a) the SA mesophase

displayed by poly(JL5jj) (DP= 13) at 87.3 OC on the cooling scan; (b) the sC*

mesophase displayed by poly(I5- W. (DP= 13) at 30.0 OC on the cooling scan.



Figure 5: DSC traces of polv(i5- )s with diffe.-Int degrees of polymerization (DP)
determined by GPC. DP is printed on the top of each DSC scan.

(a) first heating scan; (b) second heating scan; (c) first cooling scan.

Figure 6: The dependence of phase transition temperatures on the degree of polymerization

determined by GPC of polyUj5i)s. (a) data from the first heating scan:

o -T(g-sC*); 0 -T(g-sx); o T(sx-sC*); A -T(sC*-sA) 0 -T(sA-i);
(b) data from the second heating scan: Q -T(g-sC*); Q -T(g-sX); o -(X

sC) -T(sCT*-sA) o -T(SA-i); (c) data from the first cooling scan: * -Toi-

SA); A -T(SA-SC*); * -T(se*-sx); * -T(sC"'-g); *-T(sx-g).
Figure 7: DSC traces of poly(l 5-11l-co-i5-a)X[Y with different degrees of polymerization

(DP) determined by GPC.Copolymer composition is printed on the top of each

DSC scan. (a) first heating scan; (b) second heating scan; (c) first cooling scan.

Figure 8: The dependence of phase transition temperatures on copolymer composition

of poly(l 5-11 -co- 15.8)X/Y. (a) data from the first heating:
o -T(g-sC*); 0 *T(g-sX); <> -T(sx-sC*); o -T(k-sC*); A -T(sC*-

SA) 0 -T(sA-i); (b) data from the second heating scan: 0 -T(g-sC*); Q
-T(g-sx); C> -T(sX-sC*); m -T(k-sC*"); A -T(sC*-SA) 0 -T(sA-i);

(c) data from the first cooling scan: 0 -T(i-sA); A -T(SA-s(*); # -T(sc*-

sx); *0 -T(sC*-g); a -T(sC*-k).
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